SUMMARY. There is a prevailing opinion that creatinine is an analyte which may be assayed with confidence in the plasma of ageing whole-blood samples. This is true of continuous flow methods employing dialysis, but in this study, where creatinine was measured in old samples by a kinetic Jaffe method on a discrete analyser, the concentration of creatinine was falsely raised. When plasma was left in contact with cells for 48 h, there was an apparent rise in the plasma creatinine by over 100 ILmol/L compared with the 2 h concentration. This method-dependent error is therefore clinically significant.
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An increasing interest has been shown recently in the handling of samples before analysis and the effects of different practices on the various analytes.t? Previous studies have shown that plasma creatinine is stable in old samples. The method sheet provided with the reagents used in this study gives indirect reference to one such study.' The Jaffe reaction is, however, prone to interfering factors both positive and negative which might be expected to affect different methods to different degrees. This study compared the apparent creatinine concentrations in samples of various ages, assayed by one kinetic Jaffe method.
PROTOCOL
Three 10 mL samples of blood were collected into lithium heparin Vacutainet" sample tubes (Becton Dickinson Vacutainer Systems, Rutherford, NJ, USA) via a single venepuncture site, from each of five healthy subjects (4 men, 1 woman, mean age 41, range 26-55). After thorough mixing, each sample was portioned into five 2 mL plain tubes (Sterlin Ltd, Hounslow, UK). These tubes were then stored at room temperature (approx. 22°C) in the dark. At 2, 8, 24, 48 and 72 h plasma samples (one sample from each of the five original Vacutainers) were separated, following centrifugation at 700 g for 10 min, into fresh 2 mL plain tubes and stored at 4°e until analysis. All 75 samples thus obtained were analysed as one batch on a Dimension's analyser (Du Pont, Wilmington, DE, USA) by kinetic Jaffe, using Dimension reagents. The creatinine concentration measured in the plasma harvested at 2 h was taken as the basal concentration as most in-patient samples would be expected to reach the laboratory and be separated within this period. The study design, using three individual samples from each subject, allowed sample separation time to be studied independently from analytical and other pre-analytical variables.
RESULTS AND DISCUSSION
The overall mean and standard deviation (i.e, reflecting inter-individual plus analytical variation) of the measured creatinine concentrations at each separation time studied are documented in Table 1 . The average change from basal concentrations is shown for each time period, along with the probability values for the null hypothesis that there were no changes from the basal concentrations (Paired t-test).
There was a significant change by 8 h, although probably not relevant clinically. 4 The peak change (range + 95 to + l28ILmol/L) occurred around 48 h after which the observed concentrations started to drop (Fig. 1 ). The magnitude of the peak change varied little between subjects and was not related to baseline value.
By combining the three values for each subject, an estimate of the analytical imprecision (Cva) was derived. From these data (also in Table 1) Simpson no significant deterioration in the analytical precision was observed.
Calculating the overall variation in the values obtained over a given time period provides an approximation of the total potential error of the analysis (i.e. total analytical and pre-analytical errors, CVm). In this study, the CVm for plasma samples left in contact with cells for up to 48 h was 380/0. This differs significantly from the suggested analytical goal for creatinine of <2'2%.4 In addition, the CVm can be used to calculate the minimum difference required between serial results to be sure that a significant (P~O'OI) change has taken place." Thus, if the ages of samples were randomly distributed between 2 and 48 h, the minimum change required to reach significance would be -128/olmo1lL, clearly totally unacceptable.
It must be restated that these results were obtained by analysing heparinized specimens by a particular kinetic Jaffe method. The effect was not apparent when samples were analysed by continuous flow Jaffe methods employing dialysis."
Further work in this laboratory, comparing fresh and 2-day-old samples from five subjects (unpublished data), demonstrated a similar though less pronounced effect when serum was used (approximately 60% of the effect seen in plasma). When samples of plasma were analysed by a kinetic Jaffe method on a Technicon Dax 72(1) using Technicon reagents (Bayer Diagnostics, Technicon Division, Basingstoke, UK), errors were only 60% of those shown in this study (40% when serum was used). The effect was not noted at all when creatinine was measured enzymatically (Creatinine-PAP, Boehringer Mannheim UK, Lewes, UK) on a Technicon RA-l000 (Bayer Diagnostics, Basingstoke, UK). Perhaps more importantly, the effect was abolished by storing the unseparated sample in a refrigerator rather than at room temperatures, a factor which adds further to the possible variability of results. The results presented here clearly indicate that creatinine should only be measured by this analysis in samples which are known to have been separated within 24 h of collection. The importance of this lies particularly in the provision of a service to general practitioners where a number of specimens for investigation of renal function might be expected to be sent by post, hence virtually guaranteeing a delay of 24 h or more, at ambient temperatures.
In a recent survey of 20 Scottish Laboratories (Chambers, personal communication), whereas most did not report electrolyte concentrations, all laboratories measured and reported creatinine concentration in 'old' specimens. As this study clearly demonstrates, the potential error could be clinically significant.
The nature of this interfering substance is not clear, but it is probably protein bound and hence does not interfere with methods using dialysis. It would seem to be released by actively metabolizing cells because the initial time course of its appearance mirrors the disappearance of glucose in samples stored under the same conditions (unpublished observations). It appears to affect different kinetic assays to varying degrees. Further work is consequently required to identify the substance(s) and to demonstrate the extent to which different analyses.are affected.
